Myosin-Va has been shown to have multiple functions in a variety of cell types, including a role in RNA transport in neurons. Using primary cultures of cells from organs of young dilute-lethal (Myo5a
INTRODUCTION
Myosin-Va, encoded by the Myo5a (originally dilute) locus [Mercer et al., 1991] , is a member of one of the more ancient families within the myosin superfamily [Richards and Cavalier-Smith, 2005; Foth et al., 2006] . Multiple functions have been attributed to this molecular motor, including the transport/tethering of melanosomes, smooth endoplasmic reticulum, recycling endosomes, neurotransmitter vesicles, and mRNA [Reck-Peterson et al., 2000; Langford, 2002] ). The absence of myosinVa in homozygous null mutants causes neurological defects and lethality in dilute-lethal mice [Searle, 1952] and a subset of Griscelli syndrome cases in humans [Pastural et al., 1997] . Both null and hypomorphic Myo5a alleles cause dilutions in pigmentation caused by *Correspondence to: John A. Mercer, McLaughlin Research Institute, 1520 23rd Street South, Great Falls, Montana 59405-4900, USA. E-mail: jam@mri.montana.edu y Verônica P. Salerno and Aldo Calliari contributed equally to this work. a mislocalization of melanosomes in skin melanocytes [Provance et al., 1996] .
While the molecular basis underlying the pigmentation phenotype of Myo5a mutants is well-characterized [Matesic et al., 2001; Fukuda et al., 2002; Hume et al., 2002; Provance et al., 2002; Wu et al., 2006] ), the basis for the mutant neurological phenotype is less clear. Endoplasmic reticulum is missing in dendritic spines of cerebellar Purkinje cells [Dekker-Ohno et al., 1996; Takagishi et al., 1996] from null mutant rats, long-term synaptic depression (LTD) is abolished in null mutant mice [Miyata et al., 2000] , and antibody inhibition of myosin Va causes a delay in neurotransmitter release [Rosé et al., 2003] . While these differences can explain the neurological phenotype, a clear pathway has yet to be demonstrated.
A role for myosin-Va in neuronal RNA transport provides an additional mechanism that may explain the neurological phenotype. Myosin-Va is a member of a complex that includes Pura, mStaufen, Fragile X protein, a kinesin, and mRNA [Ohashi et al., 2002] . It also is found in motor axons at periaxoplasmic ribosomal plaques (PARPs) together with kinesin-II [Sotelo-Silveira et al., 2004] , zipcode-binding protein 1 (ZBP1) and bactin mRNA [Sotelo-Silveira et al., 2008] , and myosinVa mRNA [Sotelo-Silveira et al., 2006] , suggesting a role in long-range mRNA transport in projection neurons. In more functional experiments, involvement of myosin-Va in movement of mRNA encoding Nd1-L (an F-actin-stabilizing protein) into dendritic spines was shown using null mutants, RNAi, and tail-fragment overexpression [Yoshimura et al., 2006] .
Despite the severity of the neurological phenotype, it has not yet been shown that it is responsible for lethality in homozygous null mutant mice and humans. For this reason, and to identify more experimentally tractable systems than neurons for the study of myosinVa's role in RNA transport, we assayed RNA localization in primary cells isolated from multiple tissues of null mutant and wild-type control mice. We observed significant differences in RNA localization in fibroblasts cultured from peripheral nervous system, adipose tissue, and lung, while we observed no difference in fibroblasts from spleen. The deficit in null mutant adipose fibroblasts was rescued by transfection with a fulllength myosin-Va construct. Using pulse-chase experiments with bromouridine labeling, we show that the differences were most pronounced within 30 min after RNA synthesis. We show a dramatic difference for a specific message known to be transported (b-actin), as well as evidence for the physical association of b-actin mRNA and myosin-Va. These results suggest a general role for myosin-Va in RNA localization in multiple cell types.
RESULTS

Total RNA Distribution Is Altered in Mutant PNS Fibroblasts
To determine if myosin-Va functions in RNA transport or distribution, we stained primary PNS cultures from homozygous null mutant and wild-type control mice with SYTO 1 RNASelect TM , a cell-permeant nucleic acid stain that binds selectively to RNA over DNA. The results were striking; in the mutant cells, it often was difficult to distinguish nucleus from cytoplasm (Fig. 1A) , while in wild-type control cells, perinuclear and nuclear fluorescence levels were very different (Fig.  1B) . The difference was sufficiently robust that multiple observers blinded to genotype sorted micrographs from each individual experiment for genotype without error. However, we observed considerable variability between experiments; that is, when experiments were combined, observers incorrectly sorted some micrographs.
To confirm that these were differences in distribution of bulk RNA, and not artifacts caused by different amounts of total RNA, different cell shapes, or different proportions of cell types, we quantified total RNA per cell by flow cytometry of the same cells that were trypsinized, stained with SYTO 1 RNASelect TM in suspension, and fixed. We observed no difference in RNA content between null mutant and wild-type cells in two independent assays (Fig. 1C) , confirming that the micrographs represent differences in total RNA distribution. We observed a different pattern of total RNA localization in fibroblasts isolated from adipose tissue and lung than we did in cells from the more heterogeneous PNS cultures described above. In mutant fibroblasts, we observed higher fluorescence in the nucleus than in the cytoplasm ( Fig. 2A) , while in wild-type control fibroblasts, the difference was less pronounced (Fig. 2B) . We also observed concentrated fluorescence just inside the nuclear membrane in mutant fibroblasts (arrows, Fig.  2A ). We quantified fluorescence over 20-pixel-long, 5-pixel-wide regions spanning the nuclear/cytoplasmic boundaries, which gave statistically significant differences between wild-type and mutant for PNS, adipose, and lung fibroblasts (Figs. 2D-2F ). However, we observed no difference in RNA distribution between wild-type and mutant spleen fibroblasts (Fig. 2G) . One difference between tissues is the splicing of the tail domain [Seperack et al., 1995; Huang et al., 1998 ]); spleen has very little of the brain splicing pattern (Fig. 2C) . Together with the results shown in Fig. 1 , these results suggest that myosin-Va functions during RNA synthesis or in RNA transport from or immediately outside the nucleus, and that this involves the myosin-Va isoform with the brain-specific splicing pattern.
Myosin-Va's Role in Transport/Tethering Is Early After Transcription
On the assumption that the difference between mutant and wild-type cells observed around the nuclear/ cytoplasmic boundary represented transport or tethering events following soon after transcription, we switched from SYTO 1 RNASelect TM staining of total, steadystate RNA to bromouridine (BrU) labeling of newlysynthesized RNA.
We tested for myosin-Va function during transport by varying chase times after loading with BrU for 60 min, removing the BrU for 30, 60, or 120 min before fixation. We observed more intense BrU labeling in the nuclei of mutant adipose fibroblasts (relative to cytoplasm) after a 30 min chase (Fig. 3A) . By contrast, the ratio of nuclear to cytoplasmic BrU labeling in wild-type control fibroblasts was significantly lower (Fig. 3B) .
We quantitated RNA transport by measuring the ratio of BrU labeling in nuclei versus cytoplasm for each chase interval (Fig. 3C) . We observed statistically-significant differences at all time points, but the differences at shorter chase intervals were much larger, suggesting that myosin-Va is involved in transport early after synthesis, in conjunction with a slower transport mechanism that does not require myosin-Va. These experiments also were performed on the heterogeneous PNS cultures shown in Fig. 1 with similar results (data not shown).
The Absence of Myosin-Va Has No Effect on RNA Synthesis
Since the results described above suggest that myosin-Va functions during or soon after RNA synthesis, we assayed the distribution of newly synthesized RNA by labeling with bromouridine without a chase interval (Fig.  4) . Quantitation revealed no differences between mutant and wild-type cells after 10-60 min of BrU loading (Fig.  4G ). These data suggest that the absence of myosin-Va affects neither BrU uptake nor RNA synthesis.
Rescue of the Mutant Phenotype by Expression of Myosin-Va
To determine if the mutant RNA-distribution phenotype could be rescued by expression of myosin-Va, we transfected homozygous null mutant adipose fibroblasts with a full-length myosin-Va expression construct encoding the brain splicing pattern (ABCE; [Seperack 
Fig. 2. A and B, SYTO
1 RNASelect TM labeling of adipose fibroblasts from homozygous null mutant (A) and wild-type control (B) mice. Arrows denote the thin band of higher fluorescence at the edge of the nucleus that was more commonly observed in mutant fibroblasts. Bar 5 10 lm. (C) RT-PCR illustrating myosin-Va tail splicing in RNA from brain (amount loaded was reduced ten-fold to compensate for its high abundance) and from cultures of adipose, lung, and spleen cells. ACDE and ABDE refer to previously-described splicing patterns [Seperack et al., 1995] . The marker lane is PhiX174 RF DNA cleaved with HaeIII. D-G, quantitation (error bars represent standard error) of SYTO 1 RNASelect TM fluorescence over 20-pixel-long, 5-pixel-wide regions with their midpoints set at the nuclear/cytoplasmic boundaries of peripheral nervous system (D), adipose (E), lung (F), and spleen (G) cells. Numbers of cells measured for each genotype/ cell type combination ranged from 91 to 122, in three independent experiments. et al., 1995] ). On the day after transfection, newly-synthesized RNA was labeled using BrU under the load/ chase conditions described above, nuclear/cytoplasmic fluorescence ratios were measured, and transfected cells were identified by immunofluorescent detection of myosin-Va. The BrU quantitation is shown in Fig. 5A , and newly-synthesized RNA and identification of transfected cells by myosin-Va expression are shown in Figs. 5B and 5C respectively. These data show that mutant cells expressing myosin-Va had nuclear/cytoplasmic fluorescence ratios different from neighboring untransfected cells, and similar to ratios observed in wild-type cells (Fig. 3) , with significant differences for 30 and 60 min chase times, but not for 120 min. No difference was observed between transfected and untransfected cells at 10-60 min of BrU loading without a chase period (data not shown). We also observed an overall reduction in the ratios due to the transfection protocol (contrast Y-axis scales of Figs. 3C and 5A); we also observed a similar reduction in labeling of mock-transfected mutant cells in the absence of DNA (data not shown). Transfection of multiple heterologous control DNAs had no effect on the nuclear/cytoplasmic ratio (data not shown).
b-Actin Transcript Distribution Is Altered in Mutant Cells
The data described above suggest that myosin-Va functions in the export of newly-synthesized RNA from the nucleus, or transport immediately outside the nucleus. To test the hypothesis that myosin-Va is required for the transport of specific transcripts, we performed in situ hybridization on homozygous null mutant and wildtype cells using a b-actin antisense probe. Homozygous null mutant cells (Fig. 6A and B) had a dispersed distribution, while wild-type control cells (Figs. 6C and 6D) were labeled primarily at the periphery with less-intense perinuclear labeling. Confocal optical sections (not shown) showed that the labeling is not within the nucleus. A negative control probe with the scrambled sequence gave no significant signal (data not shown).
To test for a physical interaction between myosinVa and b-actin mRNA, we immunoprecipitated myosinVa from mutant and wild-type cytoplasmic fractions and assayed for the presence of b-actin mRNA using RT-PCR. As shown in Figs. 6E and 6F, b-actin transcripts were associated with myosin-Va in wild-type samples, but not in the mutant negative control sample.
DISCUSSION
Multiple functions for members of the myosin-V family have been characterized. Given the ancient origin of this family [Richards and Cavalier-Smith, 2005; Foth et al., 2006] , this diversity of function is not surprising. These multiple functions make it more difficult to determine the molecular deficiencies responsible for the neurological and lethal phenotypes observed in homozygous Myo5a null mutant mice and humans homozygous for null mutant MYO5A alleles (Griscelli syndrome) [Pastural et al., 1997] .
Directional transport and localization of mRNA has been demonstrated to provide temporal and spatial control of gene expression [Huang and Richter, 2004] . In neurons, the asymmetric distribution of mRNA contributes to synaptic plasticity [Burdwood, 1965; Huang and Richter, 2004; Huang et al., 2006; Schuman et al., 2006] . In yeast, it is well-established that a member of the myosin-V family, Myo4p, transports Ash-1 mRNA [Takizawa et al., 1997; Beach and Bloom, 2001; Muller et al., 2007] . Therefore, an RNA transport/tethering deficit in Myo5a null mutant mice may be sufficient to cause the physiological Miyata et al., 2000] and morphological [Dekker-Ohno et al., 1996; Takagishi et al., 2007] phenotypes observed in the central nervous system. Circumstantial evidence suggesting a role for myosin-Va in RNA transport in vertebrate neurons was first published in 2002 [Ohashi et al., 2002] , but identification of a specific message associated with myosin-Va, Nd1-L, was only recently published [Yoshimura et al., 2006] .
We therefore set out to determine if myosin-Va was involved in RNA transport in a wider variety of cell types. Our results from quantitation of newly-synthesized RNA labeled by BrU after variation of pulse and chase intervals (Figs. 3 and 4) suggest that myosin-Va functions as a transporter or tether at a very early stage of RNA transport, within 30 min of RNA synthesis. The prominence of differences in the vicinity of the nuclear membrane suggests that myosin-Va functions either inside the nucleus or just outside the nuclear membrane. There are preliminary reports of myosin-Va in the nucleus [Pranchevicius et al., 2008] to support the former possibility; our future experiments will analyze isolated nuclei to distinguish between them. Our results suggest that another, albeit slower, mechanism exists for transporting RNA out of the nucleus, since newly-synthesized RNA merely leaves the nuclear region more slowly in the absence of myosin-Va.
Since null mutant pups grow more slowly than wild-type controls as soon as the phenotype is evident at 7-8 days of age, a trivial explanation for our observations is that the null mutant cells may not be as healthy as the wild-type cells. However, we observed no differences in total RNA content in PNS fibroblasts (Fig. 1C ) or in distribution of RNA in spleen fibroblasts (Fig. 2G ) between mutant and wild-type mice. The latter observation correlates with the low levels of Myo5a message and/or the low level of the brain-specific splicing pattern in spleen (Fig. 2C) . In combination with recent data demonstrating that interaction of dynein light chain 2 (DLC2) with the myosin-Va tail is dependent on the presence of the brain-specific exon B [Hodi et al., 2006] , our results contribute significantly to our understanding of the relevance of alternative splicing of the myosin-Va tail.
Mislocalization of b-actin mRNA in fibroblasts has been shown to change their direction of migration [Shestakova et al., 2001] , indicating that it plays a role in establishing cell polarity. Since it has been shown that bactin mRNA distribution is dependent on actin filaments [ Sundell and Singer, 1991] , we examined the distribution of b-actin message by in situ hybridization in wild-type and null mutant cells (Fig. 6) . Wild-type cells had high concentrations of message in the periphery and just outside the nucleus, while the mutant cells had a more diffuse perinuclear distribution, with no increase at the periphery.
To assay for a physical association between b-actin message and myosin-Va, we immunoprecipitated myosin-Va and used RT-PCR to amplify b-actin mRNA from wild-type, but not null mutant, immunoprecipitates (Figs. 6E and 6F) . While this does not demonstrate a direct interaction, it is consistent with the in situ hybridization data. Our data are particularly interesting in the context of the demonstration that myosin-IIB has been shown in fibroblasts to be required for the proper localization of b-actin mRNA in response to growth factors [Latham et al., 1994; Kislauskis et al., 1997; Latham et al., 2001] . From our pulse/chase experiments, myosinVa appears to be responsible for mRNA transport from the nucleus to the periphery, where myosin-IIB could capture mRNAs. These data are consistent with multiple models (Fig. 7) that differ primarily in their sites of myosin-Va function. In the first model (Figs. 7A and 7B) , nuclear myosin-Va activity is required for the exit of some transcripts from the nucleus to areas from which the mRNAs can be transported anterogradely throughout the cell on microtubules. This model incorporates the preliminary observation of myosin-Va in the nucleus [Pranchevicius et al., 2008] , and fits well with the common involvement of microtubule-based motors in RNA transport [Kindler et al., 2005] , as well as the coincidence of myosin-V and kinesins on the same cargo [Huang et al., 1999; Stafford et al., 2000] . In mutant cells (Fig. 7B) , the absence of myosin-Va would slow exit of transcripts from the nucleus. The second model (Figs. 7C and 7D ) incorporates a shuttle (or protective) factor that binds mRNA and reaches equilibrium by moving passively across the nuclear membrane. In mutant cells lacking myosin-Va, transcripts and the shuttle factor would fail to engage microtubule-based transport, and would accumulate in the perinuclear and nuclear regions, decreasing its rate of RNA exit from the nucleus. The granular perinuclear distribution of b-actin message in mutant cells (Fig. 6A ) favors the second model (Figs. 7C and 7D) . Moreover, treatment of both mutant and wild-type cells with latrunculin A or nocodazole increases the nuclear/cytoplasmic ratio of BrU labeling (data not shown), consistent with both actin and microtubule involvement.
In summary, these observations parallel observations of myosin-Va function in melanocytes [Provance et al., 1996] , the loss of myosin-Va leads to a more granular and dispersed distribution of b-actin mRNA, and a greater nuclear/cytoplasmic ratio for both total and newly-synthesized RNA. Our pulse-chase experiments show that the impact of the absence of myosin-Va is only observed kinetically for newly-synthesized total RNA, but our in situ hybridization data show that myosin-Va has an essential function in b-actin mRNA distribution. We do not know if these functions are mechanistically identical. Any myosin-Va-dependent mechanisms for the proper localization of transcripts in fibroblasts are likely to share components with neuronal mechanisms for mRNA for transport, providing a significantly greater potential for experimental manipulation in fibroblasts.
MATERIALS AND METHODS
Mice
Homozygous dilute-lethal mutant mice (C57BL/ 6J Myo5a
, and DLS/Le Myo5a
) mice were maintained in repulsion with short ear (Bmp5 se ), separated by 0.15 centimorgans; wild-type controls were agematched C57BL/6J mice. Mice were euthanized at 12-18 days of age according to institutional protocols. Mutant mice were identified by ataxia and normal ears. All procedures were approved by the McLaughlin Research Institute (MRI) Institutional Animal Care and Use Committee. MRI is accredited by AAALAC.
Tissue Culture and Transfection
Primary fibroblasts were cultured from peripheral nervous system (PNS; dorsal root ganglia and sciatic nerve), lung, spleen and visceral adipose tissue of homozygous null mutant and age-matched, wild-type control mice.
PNS fibroblasts were isolated from 12 to 18-dayold mice. Approximately 30 dorsal root ganglia (DRG) or 6 sciatic nerves (1 cm long), were collected and incubated in collagenase solution (Sigma C9407, 0.2 mg/ml final concentration) in HBSS for 60 min at 378C with gentle agitation. The fragments were transferred to 0.5 mg/ml trypsin in HBSS and incubated for 15 min. Trypsin activity was neutralized by adding soybean trypsin inhibitor at 0.05 mg/ml, followed by trituration of the cells with a fire-polished Pasteur pipette. The cells were pelleted, washed 2 times with DMEM plus fetal bovine serum (FBS, 10%) and plated on glass coverslips.
Lung, spleen, and visceral adipose tissues were minced and incubated in Dulbecco's Modified Eagle's Medium (DMEM) with 1 mg/ml collagenase (Type V, Worthington) at 378C with shaking at 200 rpm. After 1 h, DMEM with 10% FBS was added and cells were centrifuged at 500g for 3 min. Pelleted cells were plated in DMEM with 10% FCS and 100 units/ml each of penicillin and streptomycin. Cells were maintained in this medium in a humidified 378C, 10% CO 2 incubator for 5-7 passages without allowing the cells to become confluent.
In rescue experiments, the full-length cDNA construct pEF-T7-myosin-Va [Fukuda et al., 2002] with the brain-specific splicing pattern [Seperack et al., 1995] was overexpressed. Primary fibroblasts were transfected with DNA 1 Lipofectamine 2000 (Invitrogen) or Lipofectamine 2000 alone (mock) in suspension and plated directly onto glass coverslips. After a 1 h incubation, dishes were flooded with complete medium and incubated 12-18 h before their use in experiments.
RNA Labeling and Detection
Cells were plated at subconfluent densities on glass coverslips a day before experiments. Total RNA was detected with SYTO 1 RNASelect TM (Molecular Probes) according to manufacturer's instructions. For flow cytometry, 2 3 10 6 cells were trypsinized, stained (10 lM, 20 min), washed 33 with PBS, fixed in 4% paraformaldehyde, pelleted and resuspended in PBS with 3% BSA. Fluorescence and scatter was quantitated using a Becton Dickinson FACScan. For BrU incorporation, modified from published methods [Jackson et al., 1998; Kysela et al., 2005] , cells were incubated in 2.5 mM BrU (made fresh in cold, complete medium) for the indicated times at 378C. To chase, labeling medium was exchanged for cold, complete medium and incubated for indicated times at 378C. Experiments were ended by fixing cells in fresh 4% paraformaldehyde in PBS. BrU was detected with an Alexa488-conjugated anti-BrdU monoclonal antibody (Molecular Probes), followed by an Alexa488-conjugated goat anti-mouse secondary antibody (Molecular Probes). For myosin-Va detection, a rabbit polyclonal anti-myosin-Va (DIL2, gift of V. Gelfand) was used with an Alexa 546-conjugated goat anti-rabbit secondary. Nuclei were stained with Hoechst 33258.
Microscopy and Image Analysis
Coverslips with BrU incorporation were imaged by a 203 PlanApo lens (N.A. 0.75) on a TE2000E microscope (Nikon) with a Quantix-57 camera (Photometrics) controlled by MetaMorph software (Molecular Dynamics). Acquisition parameters were constant within all data sets. SYTO 1 RNASelect TM staining was imaged with a 403 PlanApo lens (N.A. 0.95) on the same system. In MetaMorph, a 5-pixel-wide, 20-pixel-long line was drawn from the inside of the nucleus to the cytoplasm, avoiding nucleoli, and with the edge of the nucleus approximately centered in each line. Average intensity along the line was exported to Excel. Because diagonal lines had fewer than 20 pixels, each pixel position was converted to a percentage by dividing by the number of pixels in the line. Data were binned for 18 relative positions along the line. In PNS cultures, Schwann cells were identified by their spindle morphology and excluded from analysis. For the BrU-labeled cells, nuclear regions were identified and selected by MetaMorph using the Hoechst image without access to the BrU image, transferred to the BrU image, and the regions were manually moved to an adjacent cytoplasmic area. Images were obtained with a 603 WI PlanApo (N.A. 1.2) objective.
In situ Hybridization
Cells on coverslips were washed in Krebs-Ringer buffer and fixed in Krebs-Ringer with 2% paraformaldehyde for 2 h at 378C. After fixation, coverslips were washed in PBS with 5 mM MgCl 2 and 0.1% triton for 5 min, followed by two washes with PBS-MgCl 2 , then equilibrated (15 min, 428C) in hybridization solution (43 SSC, 50% formamide, 0.5 mg/ml sheared single stranded salmon sperm DNA, 0.25 mg/ml yeast tRNA, 13 Denhardt's and 10% Dextran sulfate). After equilibration, the coverslips were incubated in hybridization solution containing the probe (1 ng/ll of each oligonucleotide) at 428C overnight. Coverslips were washed in 43 SSC with shaking for 20 min, twice in 23 SSC for 15 min, twice in 13 SSC for 15 min, and then incubated with a monoclonal anti-Cy3/Cy5 antibody (Sigma, C0992) followed by an Alexa 546-conjugated goat antimouse antibody. The probe for b-actin was a combination of two oligonucleotides complementary to the 5 0 untranslated region of the mRNA, labeled with Cy3 at both 3 0 and 5 0 ends (Laboratory of Molecular Technology, NCI-SAIC, Frederick) oligo 1, GCTGTCGCCTT CACCGTTCCAGTTTTTAAATCCTGAGTCAAAAGC GCCAA; oligo 2, TAGGAGTGGGGGTGGCTTTTGG GAGGGTGAGGGACTTCCTGTAACCACTT; oligo3 (control, scrambled), AATCGAGGTACTCCAGTTCCA GTCCACCTGATCGACTGGGACCTTTCCGG.
Immunoprecipitation and RT-PCR 1 3 10 7 cells were collected, resuspended in hypotonic buffer (10 mM Tris pH 7.8, 10 mM b-mercaptoethanol (Sigma), Complete TM protease inhibitor (Roche), 0.5 mM PMSF with 1U/ll RNAsin (Invitrogen)), incubated in ice for 20 min and passed through a cell cracker (clearance 37 lm) 20 times. Nuclei were pelleted at 1000 g, 15 min, 48C. The supernatant was diluted with 23 Ripa Buffer (50 mM Tris pH8.0, 100 mM NaCl, 1 mM EDTA, 1 mM EGTA, 1% Triton, 0.5 % DOC (10%)), Complete TM , and 1:1000 PMSF, DIL2 anti-Va antiserum (1:1000) was added and rocked overnight at 48C. The next day, 30 ll of Protein A agarose was added for 30 min at 48C. The agarose was collected by pelleting and washed with Rippa Buffer, Rippa Buffer plus 500 mM NaCl, and 50 mM Tris pH 7.0. The beads were resuspended in water and reverse transcribed using random primers (Invitrogen). b-actin was detected by PCR (30 cycles, 608C annealing) using the primers GGA-GAAGAGCTATGAGCTGC and CCTGCTTGCTGAT-CCACATC (predicted to produce a product of 376 bp, separated on an agarose gel, stained with ethidium bromide, and imaged using a VersDoc gel documentation system (BioRad).
